ABSTRACT. The long-term efficacy of desmopressin (DDAVP) in treatment of postural orthostatic tachycardia syndrome (POTS) patients remains unclear. We report our retrospective, single-center, long-term experience regarding the efficacy and adverse effect profile of DDAVP in the treatment of POTS patients. In this retrospective analysis, we reviewed the electronic charts for data in regards to patient demographics, orthostatic parameters, side effect profile, subjective response to therapy, and laboratory studies recorded for each clinical follow-up visit at our institution's Syncope and Autonomic Disorder Center. The response to DDAVP therapy was considered successful if the patient had both symptom relief in addition to an objective response in orthostatic hemodynamic parameters including (heart rate (HR) and systolic blood pressure (SBP)). Three hundred and fifty POTS patients were screened for evaluation in this study. Of the 350 patients, 72 patients who received DDAVP therapy were reviewed. Forty-eight patients from this group were able to tolerate the medication after careful dosage titration. Mean follow-up duration in this group of patients was 12 ± 2 months (10-14) months. DDAVP improved symptoms of orthostatic intolerance in 20 of 72 (28%) of the total patients or 20 of 48 (42%) of those who were able to tolerate the drug. Symptoms that improved the most included dizziness (48%), presyncope (38%), fatigue 18%, palpitations (33%), anxiety (42%), and syncope (20%). Symptom reduction correlated with a statistically significant improvement in standing HR after treatment with DDAVP compared with their baseline hemodynamic parameters (standing HR 102.33 ±12.67 versus 92.10±18.62, po0.03). The most common side effect was hyponatremia n ¼ 9, 20%). In the subgroup of patient with POTS who can tolerate oral DDAVP, there was notable improvement of standing HR, which correlated with improvement in clinical symptoms of orthostatic intolerance.
Introduction
Postural orthostatic tachycardia syndrome (POTS) is a form of chronic orthostatic intolerance associated with an excessive rise in heart rate (HR) during an upright posture that resolves with recumbency. A constellation of symptoms is experienced by patients suffering from POTS, which may include palpitation, dizziness, and fatigue. These symptoms may result in limitation of their daily activities to an extent of functional disability that leads to loss of both educational and employment opportunities. Currently, there is no FDAapproved therapy for patients suffering from this problem. Desmopressin (DDAVP) is a synthetic analogue of arginine vasopressin that has been in use for a long time in the prevention of enuresis in children. It acts by promoting fluid retention by increasing water permeability in the distal tubule of the kidney. Through this mechanism, it promotes acute blood volume expansion and may reduce orthostatic tachycardia in POTS patients. There is anecdotal evidence on the use of DDAVP as an add-on therapy in management of POTS. We herein present our experience with the use of DDAVP in patients with POTS who were followed at our autonomic center.
Methods
This was a retrospective study approved by our institutional review board at the University of Toledo medical center. We reviewed 350 electronic medical records (EMRs) of patients with POTS who had been treated at our autonomic center. A total of 72 patients were found to be eligible for inclusion in this study.
Criteria for diagnosis of POTS
POTS was defined as ongoing symptoms of orthostatic intolerance lasting more than 6 months accompanied by a HR increase of at least 30 bpm or a HR of more than 120 bpm observed during the first 10 min of upright posture or the head-up tilt test (HUTT) occurring in the absence of another chronic debilitating disorder. [1] [2] [3] [4] [5] [6] Reported symptoms included fatigue, orthostatic palpitation, exercise intolerance, dizziness or lightheadedness, headache, near syncope, and/or syncope. In a retrospective detailed chart review, we collected data to include presenting symptoms, demographic information, laboratory data, and treatment outcome with DDAVP.
Protocol for HUTT
The protocol for tilt-table testing has been described extensively elsewhere in our previous work on POTS.
1,5

Treatment protocol
Patients' treatment protocols were based on our previous experiences with orthostatic disorders as described in detail elsewhere. 3, 4 Sequence of therapies employed in this condition included physical counter maneuvers, aerobic and resistance training, as well as increased dietary fluids and sodium. If these therapies were ineffective, pharmacotherapy was initiated in a sequence generally consisting of b-blockers, central sympatholytic, fludrocortisone, midodrine, and selective serotonin reuptake inhibitors either alone or in combination.
If patients failed to respond to these medications, secondand third-line therapies such as octreotide, erythropoietin, and pyridostigmine were employed. Being a referral center for POTS patients, our study had a higher number of drug refractory patients. As such, these POTS patients were on multiple medications upon presentation, and DDAVP was added on slowly while escalating dosage to assess response and efficacy in patients who failed to respond to the minimum dose. The process was aimed at assessing the usefulness of DDAVP as an adjunct to existing therapy. DDAVP was therefore a third-line add-on therapy in patients who were still symptomatic despite the use of the above agents.
We did not employ a formal questionnaire or a composite autonomic severity score (CASS) to assess the response to treatment. The information about the subjective symptoms, overall symptom improvement with treatment, and side effects was collected from the patient's EMR and communication from the physician. Treatment was considered successful if the patient reported symptomatic relief and if the hemodynamic parameters showed improvement compared with previous readings. At each visit, HR and blood pressure (BP) readings were collected in both the supine position and after 10 min of standing. We used descriptive statistics to report our findings. DDAVP was not given to women on oral contraceptives because of the potential for thrombotic complications
Follow-up
The median length of follow-up was 12 ± 2 months (range 10-14 months). The study data were collected from patient population seen in our outpatient clinic between 2005 and 2010.
DDAVP use
All patients were initially started on 0.1 mg DDAVP orally once daily. If no significant therapeutic effect was reported and they could still tolerate the medication, the dose was increased to a maximum of 0.2 mg orally once daily.
Results
A total of 350 patients had visited our clinic with diagnosis of POTS. Of those, 72 were eligible for inclusion in this study ( Figure 1 ). Table 1 shows the population baseline characteristics. Seventy-two patients were eligible, of whom 56 (78%) were women. Ten patients (13%) were lost to follow-up while 14 patients (19%) reported side effects to DDAVP leading them to stop taking the medication. The most common reported side effect was hyponatremia in 12% of the patients, with the lowest sodium level being 125 mEq/l. In each of these patients serum sodium levels returned to pretreatment levels within 3-4 weeks after stopping the medication. A total of 48 patients (67%) were able to tolerate DDAVP or go through titration to the maximum dose. DDAVP was initiated at a dose of 0.1 mg daily. If the patient tolerated the medication, symptom improvement was re-evaluated after 6 months. If no subjective change in the symptoms was reported, the dose was increased to 0.2 mg orally once daily. After another 6 months, symptoms and hemodynamic parameters were re-evaluated on the higher dose.
Effects of DDAVP on hemodynamic parameters Table 2 provides the effects of DDAVP on hemodynamic parameters between the first and second visit, including improved HR from sitting to standing position without significant effect on the systolic blood pressure (SBP). Some of the commonly reported side effects of DDAVP use were hyponatremia, swelling of the arms and digits, headache, and mild confusion. Hyponatremia was the most common reason for discontinuing DDAVP. No patient ith headaches was reported to have signs of increased intracranial pressure such as papilledema.
Discussion
POTS often affects individuals between 15 and 50 years of age. The ratio of female to male patients is 5:1. 1 Treatment of POTS patients is often very challenging, with nonpharmacological therapy focused on increasing salt and fluid intake, compression stockings, and exercise. 1, 7, 8 The goal of the therapy is to reduce both the frequency and the severity of their symptoms and improve their quality of life. 9 DDAVP is a synthetic analog of vasopressin, a natural antidiuretic hormone that acts through the principle cells of the collecting duct to reabsorb water into the bloodstream, resulting into increased total effective body volume 2, 6 ( Figure 2) . DDAVP has been used in children to treat enuresis with few side effects noted. In a prospective randomized control study looking at acute effects of DDAVP, a significant reduction in the standing HR was observed when compared with placebo (HR 101.9±14.5 bpm compared with 109.2 ± 17.4 bpm; po0.001). This acute effect on the HR was associated with acute symptomatic improvement; 2 however, the magnitude of HR reduction did not correlate with the degree of symptom resolution. In our analysis, DDAVP use was associated with improvement in the clinical symptoms of POTS. The most notable symptoms that improved included dizziness, fatigue, palpitation, nausea and syncope ( Table 3 ). This improvement was most likely related to the improved hemodynamic changes (particularly HR) observed following DDAVP administration similar to the previous study. There was no significant change in SBP noted to correlate with POTS symptoms improvement. Figure 2 : Site of action of desmopressin on the colleting tubules of the nephron (illustration by Helen Grubb).
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The overall efficacy of DDAVP in our study was 28% of the total patients and 42% of the patients who were able to tolerate the drug. We did not find any specific clinical features that predicted a response to DDAVP therapy. Most of the patients who reported no improvement with (or were intolerant of) DDAVP use were also noted to be resistant to or intolerant of other therapeutic regimens as well. Hyponatremia was noted to be the most common adverse effect and the most common reason for discontinuation of this medication; however, the lowest sodium level seen was 125 mEq/l and sodium levels returned to normal within weeks of stopping the medication. This side effect was perhaps compounded by the fact that a large volume of fluid intake is one non-pharmacological way to manage POTS symptoms. Other reported side effects though at lesser frequency included headache, nausea, and swelling of digits, which are all related to water retention. We noted a mild drug-drug interaction between DDAVP and fludrocortisone leading to enhanced water retention and swelling of the digits. Special attention should be paid to this adverse effect when using these medications concomitantly. Nonetheless, DDAVP appears to be a potentially safe, effective, and inexpensive treatment modality in the treatment of POTS. In light of the expense of other treatment modalities (such as octreotide, erythropoietin, and ivabradine), it seems reasonable to consider DDAVP earlier in the treatment of patients suffering from POTS.
Limitations
Several limitations were noted during this study. Because of its retrospective nature, randomization of the study population was not possible and each patient served as their own control. The study also lacked standardized criteria for evaluating the efficacy of therapy or assessing the hemodynamic response during treatment. The beneficial effect of DDAVP noted in our study may therefore have been a spontaneous remission of this condition.
However, considering that these patients had previously been refractory to other treatment regimens, we can argue their symptomatic improvement was secondary to DDAVP addition. As a referral center, the patients presenting to our clinic were highly symptomatic and had not responded to trials of multiple medication.
Conclusion
A subgroup of POTS patients who can tolerate DDAVP through dose titration may demonstrate improvement in both standing HR and their clinical symptoms. Overall the agent is safe, inexpensive, and easy to use and should be considered as an additional therapeutic modality in the treatment of POTS. 
